for metal-poor red giants associated to the blue horizontal branch stars in Sculptor. Along with the metallicity distribution these results suggest that most of the RR Lyrae stars in Sculptor arise from the same burst of stellar formation that produced the metal-poor component giving origin to the galaxy blue horizontal branch. The metal-rich red horizontal branch population found to be centrally concentrated only produced a few (if any) of the RR Lyrae stars in our sample. The spectroscopic metallicities were used along with the apparent luminosities to study the luminosity-metallicity relation followed by the RR Lyrae stars in Sculptor, for which we derive a shallow slope of 0.09 mag/dex. This result can be due to a high level of evolution off the zero age horizontal branch of the RR Lyrae stars in this galaxy, again in agreement with their origin from the blue horizontal branch population.
INTRODUCTION
In hierarchical merging scenarios dwarf galaxies are thought to be the bricks from which larger galaxies were assembled. The study of the star formation history (SFH) and of brighter than coeval TO stars (t > 10 Gyrs), are much easier to observe. They offer an excellent tool for tracing the oldest stellar populations, and therefore the epoch of galaxy formation, in composite systems such as the resolved LG dwarf galaxies. Recent work by several groups has lead to the discovery of RR Lyrae stars in increasing numbers of LG dwarf galaxies (e.g. Leo I and II, IC 1613, Fornax, And VI, NGC6822: Held et al. 2001; Siegel & Majewski 2000; Dolphin et al. 2001; Bersier & Wood 2002; Pritzl et al. 2002; Clementini et al. 2003a , just to mention a few of them). An early stellar population, nearly coeval to the old Galactic globular clusters, has been found in the majority of LG galaxies, irrespective of their star formation histories. This indicates that all LG dwarfs started forming stars at an early epoch, ∼13 Gyr ago (e.g. Held et al. 2000) .
The Sculptor dwarf spheroidal galaxy is no exception to this general trend. 226 RR Lyrae stars and 3 Anomalous Cepheids have been detected in a 15 ′ × 15 ′ area around the galaxy centre by Kaluzny et al. (1995) who published multiepoch photometry for all of them. Kaluzny et al. (1995) also found that the period distribution of the RRab stars shows a sharp cut-off at P = 0.475 d implying a metallicity of [Fe/H] −1.7 (on the Zinn & West 1984 scale) , and that the dispersion of the average V magnitudes is most likely due to the metallicity spread exhibited by the stars in this galaxy. Similarly, Kovács (2001) found [Fe/H] ∼ −1.5 with a large dispersion from about −2.0 to −0.8 dex (on the metallicity scale by Jurcsik 1995) , from the Fourier decomposition of the light curves of the RRab stars.
Indeed, Sculptor dwarf spheroidal (dSph) has long been known, from photometric studies, to have a large metallicity spread and bimodality in the metallicity and spatial distribution of its horizontal branch (HB) stars (Majewski et al. 1999; Hurley-Keller et al. 1999; Harbeck et al. 2001; Rizzi et al. 2004; Babusiaux et al. 2005) . Very few spectroscopic determinations of the metal abundance of Sculptor stars existed so far (Norris & Bessell 1998; Tolstoy et al. 2001 Tolstoy et al. , 2003 . Geisler et al. (2005) , from high resolution spectroscopy of red giants, find [Fe/H] values in the range from −2.10 to −0.97 dex, confirming a large metallicity spread in Sculptor. Two distinct ancient populations showing an abrupt change in the [Fe/H] distribution at about 12 arcmin from the galaxy center are found in Sculptor by Tolstoy et al. (2004) based on FLAMES@VLT low resolution spectroscopy and WFI imaging of the galaxy. The two components have also different spatial distribution and velocity dispersion.
In this paper we present metal abundance determinations based on multi-slit low resolution spectroscopy obtained with FORS2 at the VLT for more than a hundred RR Lyrae stars in Sculptor. The variables are spread over a 15 ′ × 15 ′ area around the galaxy centre, thus being almost coincident with the internal region of Sculptor where Tolstoy et al. (2004) find segregation of red HB stars. The knowledge of the metal distribution of the RR Lyrae population allows to put important constraints on the early star formation and chemical evolution histories of the host galaxy, by removing the age-metallicity degeneracy: the earliest measurable data point for the chemical enrichment history of Sculptor can be determined with accuracy.
Observations and data reduction are discussed in Section 2. Metal abundances are presented in Section 3. The luminosity-metallicity relation and the radial velocities we determined for the RR Lyrae stars in Sculptor are discussed in Sections 4 and 5, respectively. In Section 6 the metallicity distribution of the Sculptor RR Lyrae stars is compared with that of other old stellar populations in the galaxy. A summary and some final remarks in Section 7 close the paper.
OBSERVATIONS AND DATA REDUCTIONS
Observations of 110 variable stars (107 RR Lyrae, 1 Anomalous Cepheid, 1 binary system, and 1 variable of unknown type) in Sculptor and of RR Lyrae stars in 4 Galactic globular clusters (namely: M 2, M 15, NGC 6171, and NGC 6441) were carried out using FORS2 (FOcal Reducer/low dispersion Spectrograph 2), mounted on the ESO Very Large Telescope (Paranal, Chile) . The data were collected in service mode during the period July 29 to August 5, 2003 . Typical seeing values during the observations were in the range 0.
′′ 7-1.
′′ 7 and on average of about 1. ′′ 2. We used the MXU (Mask eXchange Unit) configuration, that allows to observe simultaneously many objects with more freedom in choosing the location, size and shape of individual slitlets with respect to the standard MOS mode. The detector is a mosaic of two MIT CCDs with 15 µm pixel size.
Spectra were collected using the blue grism GRIS 600B covering the 3450-5900Å wavelength range, with a dispersion of 50Åmm −1 with slits 1 ′′ wide, and usually 14 ′′ long to allow for sky subtraction. With this configuration, each pixel corresponds to 0.75Å. An effort was made to cover for each star the relevant wavelength range (∼ 3900-5100 A) containing both the CaII K and the hydrogen Balmer lines up to Hβ. We have used an instrumental set-up similar (i.e. same spectral range, resolution, and typical S/N) to that employed in our study of the RR Lyrae stars in the LMC (Gratton et al. 2004) , so that RR Lyrae variables in some calibrating GCs are already available (namely in clusters NGC 1851, NGC 3201, and M 68). Exposure times on the Sculptor variables were of 31 min, as an optimal compromise between S/N and time resolution of the light curve of the RR Lyrae targets. We employed 9 masks in Sculptor, 2 in NGC 6441, 1 in M2, 1 in NGC 6171 and 1 in M15. The 9 Sculptor fields were slightly overlapped, so that for 25 variables we have more than 1 spectrum. A detailed log of the observations is given in Table 1 where N is the number of variable stars observed in each mask. The complete listing of the variables observed in Sculptor is provided in Table 2 where we have adopted Kaluzny et al. (1995) identification numbers. Their location on a 16 ′ × 16 ′ map of the central region of Sculptor dSph galaxy is shown in Fig. 1 . Finding charts corresponding to the nine 6.8 ′ × 6.8 ′ FORS2 subfields are given in Appendix A. Centre of field coordinates are provided in Table 1 . Equatorial coordinates for all our targets can be found in table 2 of Kaluzny et al. (1995) .
Data reduction was performed using the standard IRAF 1 routines. Images have been trimmed, corrected for bias and for the normalized flat field. Then we used the Kaluzny et al. (1995) identifiers. Also shown (in blue in the electronic edition of the journal) are the four red giants recently analyzed by Geisler et al. (2005) . Boxes mark the RR Lyrae stars for which we measured metallicites [Fe/H]> −1.70 dex (see Section 3.1).
IRAF command lineclean to reduce the contamination by cosmic rays. Up to 19 spectra were present in each pointing, and were extracted with the optimal extraction and automated cleaning options switched on. The sky contribution was subtracted making use of the slit length. The contamination of targets from nearby stars was reduced to a minimum, except for a few objects. For each science mask a HeCdHg lamp was acquired, and used to calibrate in wavelength the spectra, each one covering a different spectral range, depending on the target position. Not less than 10 lines of the calibration lamp were visible for each aperture, and the resulting dispersion solutions have r.m.s. of about 0.03Å. Further cleaning of cosmic rays hits and bad sky subtractions was done using the clipping option in the IRAF splot task. Fig. 2 shows examples of the final spectra.
DERIVATION OF THE METAL ABUNDANCES
We obtained spectra for 110 of the variable stars identified in Sculptor by Kaluzny et al. (1995) , and for 25 of them we have multiple observations. These authors published photometry in the V band for all our targets. Periods and epochs of maximum light were determined from their time series data (kindly made available by Dr. J. Kaluzny), using the period search package GRaphycal Analyzer of TIme Series Figure 2 . Examples of spectra of variable stars in Sculptor obtained using FORS2. The stars are identified according to Kaluzny et al. (1995) . The six lower plots are RR Lyrae variables (from bottom to top: two fundamental mode, two first overtone, one suspected and one confirmed double-mode pulsator observed at different phases). The upper plot is an Anomalous Cepheid (star 3302). The spectra have been offset for clarity, and the main spectral lines are marked.
(GRATIS, Di Fabrizio 1999 , Clementini et al. 2000 . The new ephemerides are provided in Table 2 . We found that our periods are in general slightly different from those published by Kaluzny et al. (1995) ; differences are in most cases around the fourth or fifth digit. However, there are a number of cases where our periods and type classifications significantly differ from those of Kaluzny et al. (1995) who published aliases of the periodicities preferred here. All these objects have been flagged in the last column of Table 2 , where we provide comments on individual stars. We used our new periods to phase the spectra of our target stars in Sculptor since the scatter in the light curves appears to be significantly reduced than using the published values. Phases corresponding to the Heliocentric Julian Day (HJD) at half exposure are listed in Column 3 of Table 2 ; for the doublemode RR Lyrae stars they correspond to the first overtone pulsation period. We also computed intensity-averaged luminosities for all the variables in our study, that are given in Column 5 of Table 2 . Based on our study of the light curves our sample contains 62 ab-type, 40 c-type, 3 confirmed and 2 suspected d-type RR Lyrae stars, 1 Anomalous Cepheid, 1 suspected binary system, and 1 variable of unknown type.
Metallicities and metal abundance distribution of the variable stars in Sculptor
Precise and homogeneous metal abundances for the target stars in Sculptor were measured using the revised version of the ∆S method (Preston 1959 ) devised by Gratton et al. (2004) . We do not actually measure ∆S values, but rather estimate metallicities for individual variables by comparing the strength of the H lines and of the K Ca II line with analogous data for variables in GCs of known metallicity. A detailed description of our method can be found in Gratton et al. (2004) . A summary of the technique, and an update of the calibration procedures are provided in Appendix B, to which the interested reader is referred to for details. Spectral line indices measured for the variables in Sculptor following Gratton et al. (2004) , are given in Columns from 8 to 12 of The observed metallicity distribution of the Sculptor RR Lyrae stars (uncorrected for the measurement errors) in the ZW84 metallicity scale is shown in Fig. 4 . Variable stars are divided by type. We find that the different types follow the same metallicity distributions. As well known, CG97 scale provides systematically higher metallicities than ZW84. In the following we will adopt ZW84 values, unless explicitly noted. However, independently of the adopted metallicity scale there are only very few metal-rich stars in our RR Lyrae sample. Based on the period distribution of the ab-type pulsators, Kaluzny et al. (1995) conclude that the bulk of the RR Lyrae stars in Sculptor have metallicities equal to or lower than [Fe/H]= −1.7. Indeed, there are only 26 stars with [Fe/H]> −1.7 in our sample. This is also the metallicity at which Tolstoy et al. (2004) find the break between metal-poor and metal-rich old populations in Sculptor. We will come back to this point in Section 6.
Comparison with metallicities from the
Fourier parameters of the light curve and the pulsation equations
Metal abundances for the ab-type RR Lyrae stars in Sculptor have been estimated by Kovács (2001) using the parameters of the Fourier decomposition of the light curves and the Jurcsik & Kovács (1996) (2001), and can be compared with our distribution in Fig. 4 . We recall that the Jurcsik (1995) metallicity scale is on average 0.2 dex more metal rich than the ZW84 scale at [Fe/H]∼ −1.5. This partially accounts for the difference between average values in Kovács (2001) and in our distribution in Fig. 4 , but there still is a residual difference of 0.17 dex between the average values, and our distribution appears to cover a metallicity range larger than in Kovács (2001) . We determined metallicities for six of the RRd variables discovered by Kovács (2001) , three of which are actually only suspected RRd's. From our re-analysis of the light curves we think that these stars are monoperiodic c-type RR Lyraes with noisy light curves. The comparison between individual metallicity values is shown in Table 3 , where the range given in Column 4 was evaluated from the metallicity distribution of the RRd stars in fig. 5 of Kovács (2001) . Unfortunately we did not observe the two most metal poor RRd's in Kovács (2001) .
As with the RRab's the metallicity range spanned by the RRd stars we analyzed is larger than that obtained by Kovács (2001) for the same stars.
THE LUMINOSITY-METALLICITY RELATION
The luminosity-metallicity relation followed by the RR Lyrae stars in Sculptor was derived using the intensityaveraged mean magnitudes and the metal abundances in Table 2 . We first discarded all objects that are not RR Lyrae stars or have incomplete light curves (stars 3302, 3710, 4780, Table 2 . Line indices and metal abundances of variable stars in Sculptor. and 5724). We also eliminated the most metal rich variable in our sample (star 4263), even if this star falls extremely well on the mean relations we derive. Following the procedure applied by Gratton et al. (2004) to the LMC RR Lyrae stars, we divided the Sculptor variables into 6 metallicity bins 0.1 dex wide; the corresponding average apparent magnitudes are given in Table 4 in where the errors in the slopes were evaluated via Monte Carlo simulations. The same slope is found for metallicities in CG97 scale.
The luminosity-metallicity relation of the Sculptor RR Lyrae stars is shown in Fig. 5 . It is based on 105 stars covering the metallicity range [Fe/H] from −1.36 to −2.42, and we used different symbols for the various types of RR Lyrae stars. All variables seem to follow the same luminositymetallicity relation independent of type. Gratton et al. (2004) found that the LMC double-mode RR Lyrae stars are offset to brighter luminosities in the luminosity-metallicity plane and explain this evidence with the LMC RRd's being more evolved than the single-mode pulsators. The lack of a similar difference in luminosity between single and doublemode Sculptor RR Lyrae stars suggests that in this galaxy also the single-mode variables are evolved.
A more striking difference is the slope of the luminositymetallicity relation, significantly shallower than that ob- Kaluzny et al. (1995) b Epochs are −2440000. Along with types, periods, and mean magnitudes (in intensity average) they were redetermined from the study of the light curves based on data from Kaluzny et al. (1995) . In a number of cases (marked with notes) they differ significantly from values published in Kaluzny et al. (1995) . c HJDs are −2452850, they correspond to the HJD at half exposure. d Kovács (2001) classifies star 59, 1439, and 3016 as suspected double-mode RR Lyrae stars, with periodicities of 0.35968/0.4837; 0.35604/0.47809; and 0.36033/0.48401 respectively. Our study of the light curves does not confirm these findings, we think these stars are monoperiodic c-type variables with noisy light curves. e We think this is a double-mode RR Lyrae, we list the first overtone period. f Classification and periods differ significantly from Kaluzny et al. (1995) who published aliases of the periodicities preferred here.
g Noisy spectrum.
h We think this RR Lyrae could either be a double-mode or be affected by the Blazhko effect (Bl, Blazhko 1907 tained for the LMC variables by Gratton et al. (2004) 2 . On the other hand, we note that also the scatter in the average apparent luminosity of the RR Lyrae stars in Sculptor is less than half of that observed for the variables in the LMC: σV (Sculptor)=0.07 mag, compared to the 0.15-0.16 mag in the LMC (Clementini et al. 2003b ). This scatter is almost entirely accounted for by photometric errors and the dispersion in metallicity of the Sculptor RR Lyrae stars, thus indicating that these variables have a very similar degree of evolution off the zero age horizontal branch. The shallow slope of the luminosity-metallicity relation in Sculptor could thus be explained with the Sculptor RR Lyrae's being all rather evolved stars arising from the old metal poor population that also gives origin to the blue HB in the galaxy. Some support to this suggestion arises from the comparison of the average luminosity of the RR Lyrae stars with that of non variable horizontal branch stars in Sculptor.
From the color-magnitude diagram of Sculptor, values of VHB ≃ 20.18-20.20 mag, V blue HB ≃ 20.20 and V red HB ≃ 20.29 mag are obtained by Kaluzny et al. (1995) , Babusiaux, Gilmore, & Irwin (2005) , and Rizzi (2003) , respectively. This is at least ≃0.06-0.08 mag fainter than the average luminosity of the RR Lyrae stars which, for the 106 RR Lyrae with full light curve coverage, is V =20.127 with a dispersion of σ=0.072 (this value agrees well with the estimate by Kaluzny et al. 1995 , based on the total sample of 226 RR Lyrae stars in Sculptor).
RADIAL VELOCITY DETERMINATIONS
Radial velocities were measured from the spectra of the Sculptor RR Lyrae stars, and are given in Column 16 of Table 2 . Multiple observations of the same stars show that our estimates have typical errors of about ±15 km s −1 , with no systematic differences for different masks. This error includes the contribution of measurement uncertainties, errors related to the centering of the stars in the slit, and uncertainties due to the poor sampling of the radial velocity curves of the variable stars.
The average heliocentric radial velocity of all our variable stars in Sculptor is Vr =109.1± 1.9 km s −1 (r.m.s.=19.9 km s −1 , 110 stars, having preliminarily averaged individual values for stars with multiple observations). The average radial velocity of the RR Lyrae stars alone is Vr =109.6 ± 1.9 km s −1 (r.m.s.=19.8 km s −1 , 107 stars). These values are in excellent agreement with the estimate obtained from K-giants in Sculptor by Queloz, Dubath & Pasquini (1995: Vr =109.9 ± 1.4 km s −1 ) and are consistent with the value of Vr =107 ± 2.0 km s −1 previously derived by Armandroff & Da Costa (1986) .
The good agreement with the literature values suggests that the offcentering problems noted for the calibrating cluster variables (see Appendix B) do not seem to af-fect the variables in Sculptor and that the undersampling of the variable star's radial velocity curves does not significantly bias our estimates of the average Vr value. To further check this point we extracted from the database of the Galactic field RR Lyrae stars analyzed with the Baade-Wesselink method (Liu & Janes 1990; Jones et al. 1992; Cacciari, Clementini & Fernley 1992; Skillen et al. 1993; Fernley 1994) template radial velocity curves of aband c-type RR Lyrae stars with metal abundance comparable to that of the variable stars in Sculptor, and estimated phase-dependent radial velocity corrections for each spectrum of RR Lyrae star. Using this procedure we found that the average correction to apply to the radial velocity mean value of the 107 RR Lyrae stars in our sample is less than ∼0.1 km s −1 and can be safely neglected. The difference between r.m.s. scatter of the RR Lyrae stars (19.8 km s −1 ) and typical measurement errors (15 km s −1 ) implies an intrinsic radial velocity dispersion of σ=12.9 km s −1 for the RR Lyrae stars. This value is larger than the 6.3 + 1.1, −1.3 km s −1 and 6.2 ± 1.1 km s −1 found for the Kgiants by Armandroff & Da Costa (1986) and Queloz et al. (1995) , and for Sculptor metal rich red giant stars by Tolstoy et al. (2004;  σ metal−rich =7 ± 1 km s −1 ), but is consistent with the 11 ± 1 km s −1 dispersion observed by these same authors for the metal poor red giants in Sculptor. This result gives further support to the hypothesis that the RR Lyrae stars in Sculptor arise from the old, metal-poor population giving origin to the galaxy blue-horizontal branch, although our value for their velocity dispersion needs to be confirmed by higher resolution spectroscopy.
METALLICITY DISTRIBUTIONS OF THE DIFFERENT OLD STELLAR COMPONENTS IN SCULPTOR
The average metallicity, metal abundance distribution and range in metal abundance spanned by the RR Lyrae stars can be compared with the analogous quantities for other old stellar components in Sculptor, namely with the metallicity spread inferred from the width of the red giant branch (e.g. Kaluzny et al. 1995; Majewski et al. 1999; Rizzi 2003; Babusiaux et al. 2005) , and with the abundances directly measured for red giants in Sculptor by Geisler et al. (2005) and Tolstoy et al. (2004) , respectively. The metallicity distribution in Fig. 4 shows that the RR Lyrae stars in Sculptor cover a full metallicity range of about 1.6 dex, which however reduces to ∼ 1 dex if the single most metal rich star in the sample is discarded. This range is larger than inferred from the spread of the red giant stars (∆[Fe/H] ≃ 0.6 dex, Kaluzny et al. 1995; Rizzi 2003; ≃0.8 dex, Majewski et al. 1999; ≃0.7 dex, Babusiaux et al. 2005) , and is consistent with the spectroscopic study of red giants in Sculptor by Geisler et al. (2005: ≃1.1 dex) and Tolstoy et al. (2004) in the galaxy inner region (see upper panel of their fig. 3) . Tolstoy et al. (2004) find that the ancient stellar component ( 10 Gyr old) in Sculptor is divided into two distinct groups having different metal abundance, kinematics and spatial distribution. The metal-rich population is concentrated within the r = 0.2 degree central region, has metallicities in the range −1.7 <[Fe/H]< −0.9, velocity dispersion of σ metal−rich =7±1 km s −1 and is related to the Sculptor red horizontal branch. The metalpoor population is more spatially extended, has metallicities in the range −2.8 <[Fe/H]< −1.7, velocity dispersion of σ metal−poor =11±1 km s −1 and is related to the Sculptor blue horizontal branch.
Our RR Lyrae stars are located in the central region of Sculptor, virtually coincident with the region where Tolstoy et al. (2004) 
SUMMARY AND CONCLUSIONS
Low resolution spectra obtained with FORS2 at the VLT have been used to measure individual metal abundances [Fe/H] and radial velocities for 107 RR Lyrae stars in the Sculptor dwarf spheroidal galaxy. Metallicities were derived using a revised version of the ∆S method (Gratton et al. 2004) . The RR Lyrae stars in Sculptor are predominantly metal-poor with an average metal abundance of [Fe/H]=−1.83 ± 0.03 (r.m.s.=0.26 dex) on the ZW84 metallicity scale, and only a few outliers having metallicities larger than −1.4 dex. The observed metallicity dispersion is larger than the observational errors, thus showing that these variables have a real metallicity spread.
The RR Lyrae stars in Sculptor are found to follow a luminosity-metallicity relation with a slope of 0.09 mag dex −1 , which is shallower than in the LMC (Gratton et al. 2004) . This is explained with the Sculptor variable stars being rather evolved from the zero age HB, as also supported by their brighter luminosity compared to the non variable HB stars.
From our spectra we measured an intrinsic velocity dispersion 12.9 km s −1 for the RR Lyrae stars, which appears to be in agreement with the dispersion derived by Tolstoy et al. (2004) for metal-poor red giants associated to the blue-HB stars in Sculptor.
All these evidences suggest that our RR Lyrae sample, and the RR Lyrae stars in Sculptor in general, are connected to the blue-HB population and arise from the first burst of star formation that produced the galaxy blue metal-poor HB. They allow to trace and distinguish this older compo-nent in the internal regions of the galaxy which are otherwise dominated by the metal-rich and younger red-HB stars. Indeed, this component only produced a few, if any, of the Sculptor RR Lyrae stars since average luminosity and kinematic properties of the few metal-rich objects in our sample suggest that they are more likely the high metallicity tail of the metal-poor star population rather than objects associated with Sculptor red-HB stars.
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APPENDIX A -FINDING CHARTS
We present in this Section finding charts (Fig.s 6a,b,c) for all the variable stars we observed in Sculptor. They correspond to the nine 6.8 ′ × 6.8 ′ FORS2 subfields used to map the central 15 ′ × 15 ′ area of the galaxy. Centre of field coordinates are provided in Table 1 . In each map North is up and East to the left, and variables are identified according to Kaluzny et al. (1995) Table 2 . Equatorial coordinates for all our targets can be found in table 2 of Kaluzny et al. (1995) .
APPENDIX B -THE METALLICITY CALIBRATION
Following the procedure devised by Gratton et al. (2004) , line indices for RR Lyrae stars are computed from the spectra shifted to rest wavelength by directly integrating the instrumental fluxes in spectral bands centered on the Ca II K, Hδ, Hγ, and Hβ lines (see table 2 and fig. 10 of Gratton et al. 2004 for the definition of the spectral bands). Then a H index is defined as the average of the indices of the 3 hydrogen lines, and K as the index of the Ca II K line. Metallicities are derived by comparing the H and K indices measured for the target stars to the same quantities for variables in a number of globular clusters of known metal abundance. The calibration of the line indices of the Sculptor variables in terms of metal abundances [Fe/H] was obtained using RR Lyrae stars in the newly observed clusters M 15, M 2 and NGC 6171, and in the calibrating clusters used in Gratton et al. (2004) , namely M 68, NGC 1851 and NGC 3201. For all these clusters, precise metal abundances are available on both the ZW84 and CG97 metallicity scales. NGC 6441, a metal rich cluster ([Fe/H]=−0.59 according to ZW84 metallicity scale) having RR Lyrae stars with anomalously long periods, was not used for calibration purposes and will be discussed elsewhere (see Clementini et al. 2005) .
Line indices measured for RR Lyrae stars in the calibrating clusters analyzed in the present paper are provided in Tables 5, 6, and 7 (valid for H between 0.04 and 0.34) for NGC 1851. We thus defined metallicity index M.I. the quantity:
where K is the Ca II K line index of the star, and K1, K2 are derived entering the H index measured for the star into equations (1) 
and are shown in Fig. 8 for the ZW84 and CG97 metallicity scales, respectively. Individual metal abundances for the RR Lyrae stars in the calibrating clusters analyzed in the present paper were derived from the above calibration equations. They are listed in Tables 5, 6 , 7 respectively, while the mean metallicities derived from the averages of these individual values and their respective dispersions are given in Table 8 .
The last column in each of Tables 5, 6 , and 7 gives individual radial velocities measured from the spectra of the stars observed in the calibrating clusters. Averages of these values are listed in Table 8 . We note that these average radial velocities differ somewhat from the literature values, particularly for NGC 6171, suggesting the presence of systematic offsets possibly caused by offcentering of the cluster variables in the slit. These systematic differences are not found in the case of the Sculptor variables, for which the average radial velocity we measured is perfectly consistent with the literature values (see Section 5). This suggests that we are simply seeing an effect of the small samples in the Galactic clusters, while the one in Sculptor is large enough to average away the offcentering effects. Clement et al. (2001) b Phases were calculated from the HJD of observation using epochs and periods corrected according to the rates of period changes published by Silbermann & Smith (1995) . Clement et al. (2001) b Phases of the spectra were derived from the HJD of observation and the ephemerides published by Lee & Carney (1999) .
c Variable stars V26 and V32 correspond to stars LC608 and LC864 of Lee & Carney (1999) , respectively. d Doubtful identification. Clement et al. (2001) b Phases were derived from the HJD of observation, the periods published by Clement & Shelton (1997) and the epochs we estimated from the study of the light curves published from the same authors. V2 was not observed by Clement & Shelton (1997) , for this star the adopted ephemerides, from Coutts & Sawyer Hogg (1971) , may be no longer valid. Gratton et al. (2004) corrected downward respectively by 0.10, 0.07 and 0.03 dex to account for systematic differences between ZW84 and the metallicity scale adopted in Gratton et al. (2004) . 
